We read with interest the article by Ibañez and colleagues 1 assessing the effects of pneumonia on short-and long-term mortality after cardiac surgery. By the propensity-matched analysis, multivariable regression analysis, risk-adjusted Cox proportional regression analysis, and Kaplan-Meier survival estimates, they show that postoperative pneumonia is associated with increased hospital mortality and reduced long-term survival. However, we believe that there are limitations in the study design and statistical analysis that make interpretation of their findings questionable.
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First, a propensity score matching model was used to reduce possible effects of confounders on study end points. Although useful, propensity score matching model carries the significant assumption of no unmeasured confounders. That is, all important known factors that affect intervention selection and measured outcomes must be measured and taken into account within the propensity score matching model. Apparently, this is a very unrealistic assumption for the study of Ibañez and colleagues 1 because the variables used for the propensitymatched model only included baseline characteristics of study patients but not intraoperative and postoperative parameters. This would have decreased accuracy and inferences of propensity score-matched subgroups adjusted for potential confounders.
Second, a multiple logistic regression analysis was used to identify predictors of hospital mortality for the whole group of patients. Just like this study had shown, the patients with postoperative pneumonia had longer extracorporeal circulation and ischemia times, larger volume of intraoperative transfusion, higher incidence of postoperative adverse events (such as atrial fibrillation, cardiogenic, hemorrhagic or septic shock, acute kidney injury, hemofiltration, and reoperation), and more use of hemofiltration than control patients. All these factors have been significantly associated with increased hospital mortality after cardiac surgery. [2] [3] [4] In our opinion, no matter how refined the adjustment with multivariable regression analysis is for differences in above-mentioned intraoperative and postoperative risk factors for postoperative hospital mortality, it is never possible to ensure a complete adjustment for differences among patients with and without pneumonia. In addition, the multivariable regression analysis itself is probably inadequate to differentiate whether pneumonia is a true determinant of postoperative hospital mortality or simply synthetical manifestation of heavier surgery and postoperative complication burdens that can significantly increase postoperative hospital mortality. Thus, we argue that this study cannot prove whether statistical association of pneumonia with increased postoperative hospital mortality is a causal relationship.
Third, when the Cox proportional hazards model was applied to assess the risk of long-term mortality associated with pneumonia, only preoperative acute myocardial infarction and anemia were regarded as confounding variables. It has been shown that long-term mortality of cardiac surgical patients is mainly attributable to many causes, not necessarily related to patients' cardiovascular and general health before surgery, with a lowest incidence of cardiac death but a highest incidence of noncardiac causes of death, and specifically a higher tendency toward cancer-related deaths. 5 The available literatures provide compelling evidence that postoperative complications and persistent vital organ dysfunctions at hospital discharge are important predictors of late mortality following cardiac surgery. 2, 6 For example, postoperative anemia is common and sustained postoperative anemia is associated with an increased incidence of cardiovascular events during the first 3 months after cardiac surgery; every 1 mg/dL decrease in postoperative hemoglobin level is associated with a 13% increase in adverse cardiovascular events and a 22% increase in all-cause mortality. 7 Similarly, deep sternal wound infection or mediastinitis, acute myocardial or kidney injury, new-onset atrial fibrillation, and cardiac dysfunction after cardiac surgery have been associated independently with increased late mortality. Thus, we argue that no inclusion of important postoperative risk factors in the Cox proportional hazards model would have biased the true effect of pneumonia on long-term outcomes after cardiac surgery in this study.
Finally, the readers were not provided with preoperative serum albumin level of patients. Albumin is known as a marker of nutrition, inflammation, hepatic function, and overall catabolic state. It has been shown that a low serum albumin level is an important predictor of pulmonary complications after major surgery and preoperative hypoalbuminemia is independently associated with poor long-term survival after cardiac surgery. 8 
